The reduction of enteric indicators (fecal coliforms (FC) and Enterococcus faecalis) and elimination of pathogenic bacteria (Salmonella spp. and Staphylococcus aureus) in the secondary effluents and lake water by solar disinfection (SODIS) was studied in this article. FC, E. faecalis, Salmonella spp. and S. aureus were isolated and enumerated using membrane filtration techniques after SODIS of samples inside transparent polyethylene terephthalate (PET) bottles for 1, 2, 3, 4, 5, 6, 7 and 8 h. The results show that SODIS can reduce numbers of FC, Salmonella spp. and S. aureus by more than 4 log 10 colony forming units (CFU)/100 mL after 6 h. However, regrowth of these bacteria was observed after the incubation of the treated samples at 37 W C for 24 h, whereas SODIS for 8 h would eliminate pathogenic bacteria and no regrowth would be observed in these samples as determined by an absence and presence technique using enrichment medium. E. faecalis was not eliminated in the secondary effluents and lake water by SODIS, but this bacterium was reduced to less than detection limits (1 CFU/100 mL) when the treated secondary effluent samples were stored for 16 days at room temperature. The elimination of pathogenic bacteria and reduction of enteric indicators resulted in undetectable levels using SODIS for secondary effluents and lake water. Many technologies are used for disinfection of secondary effluents and reduction of microorganisms, such as chlorination (Coronel-Olivares et al. ), filtration 39
INTRODUCTION
The rapid growth of communities and cities during the recent two decades has led to increased amounts of human wastes (domestic, industrial and hospital waste) and the need for these to be managed safely. In most poor communities, the most important pollutant that represents primary concern is human excreta (domestic sewage). Primary and secondary processes of domestic sewage reduce pathogenic bacteria by 95-99%. However, secondary effluents still contain high concentrations of these pathogens in effluents even after sewage treatment (Koivunen & Heinonen-Tanski ) . Thus, secondary effluents require various kinds of further treatment to reduce the density of pathogenic bacteria to ensure that favorable sanitary effluent quality is achieved.
Disinfection emphasizes the reduction of pathogens to less than detectable limits and meets the requirements of environmental or microbiological requirements for effluent reuse. (Dungeni et al. ) , and ozone (Tripathi et al. ) . However, microbial resistance to chemical materials among different types of microorganisms (Xu et al. ; Dungeni et al. ) in addition to occurrence of bacterial regrowth after the treatment by these techniques has been reported (Guo et al. ) .
The use of solar disinfection (SODIS) based technologies is a promising approach to the disinfection of water because of the high availability of solar radiation as well as the low cost and sustainable nature of these water treatment methods (Gomez-Couso et al. ).
According to WHO (), SODIS is a promising new technology that uses clear plastic bottles to purify water.
Bottles are filled with clear water and left in the sun for several hours. The combination of ultraviolet radiation and high temperature is able to destroy most pathogens.
SODIS will not improve the chemical quality of water, but it can provide an inexpensive, easy way to improve microbiological quality.
Meierhofer & Wegelin () recommended that the transparent polyethylene terephthalate (PET) bottles containing untreated raw water should be exposed to direct sunlight for at least 6 h. Bacteria, viruses, Giardia and Cryptosporidium cysts, and parasite eggs can all be effectively inactivated through the combination of ultraviolet radiation and elevated water temperature. Large field tests of SODIS are currently being conducted in a number of countries in South America, Africa, and Asia (Acra et al. ) .
The aim of this article was to study the effectiveness of SODIS in the reduction of enteric indicators (fecal coliforms and Enterococcus faecalis) and the elimination of pathogenic bacteria (Salmonella spp. and Staphylococcus aureus) in lake water and secondary effluents. The concentrations of fecal coliforms (FC), E. faecalis, Salmonella spp. and S. aureus were determined in untreated secondary effluents and lake water as well as after treatment periods (1, 2, 3, 4, 5, 6, 7 and 8 h) . The ability of residual bacteria in the secondary effluents treated for 1, 2, 3 and 4 h to survive during storage periods (2, 4, 8 and 16 days) was tested.
The efficiency of SODIS in the elimination of bacteria was evaluated by studying the occurrence of regrowth of enteric indicators and pathogenic bacteria in treated secondary effluents during the incubation time of treated samples for 24, 48, 72 and 96 h at optimal conditions of bacteria (37 W C) and by using enrichment media. pH and temperature measurements
MATERIALS AND METHODS
The pH and temperature of secondary effluents and lake water samples were measured directly using a pH meter (Sens ion 3-Model 51935-Electrode w/tem-5 pin-HACH-USA).
Solar disinfection of secondary effluents and lake water
Four hundred milliliters of secondary effluent and lake water samples was placed into the PET bottle (600 mL) and exposed to sunlight during the period 11.00 am-3.00 pm according to studied times, which were 1, 2, 3, 4 h (first day) and 5, 6, 7 and 8 h (second day 
RESULTS AND DISCUSSION

Reduction of enteric indicators and elimination of pathogens by SODIS
Reduction of enteric indicators and elimination of pathogenic bacteria in the secondary effluents and lake water samples by SODIS were studied in this research. The results showed that during the SODIS process the temperature in the secondary effluents and lake water ranged from 43 to 46 W C during the SODIS process compared to the control, 24-27 W C (secondary effluents without SODIS) ( Figure 1 ).
FC numbers decreased with increasing SODIS time (1-8 h) in both secondary effluents and lake water, while they remained at constant levels in the control samples (5.33 log 10 CFU/100 mL). The inactivation rate of FC in lake water was more than that in the secondary effluents.
SODIS of lake water and secondary effluents reduced FC by more than 4 log 10 CFU/100 mL after 6 h, whereas after 7 and 8 h they were undetectable (<1 CFU/100 mL) ( Figure 2) . The inactivation of Salmonella spp. in the secondary effluents was significantly different from that of the lake water at all times of SODIS ( Figure 2 ). Elimination of Salmonella spp. was recorded after 6 h in the lake water but after 8 h in the secondary effluents. In comparison with FC, Salmonella spp. showed some resistance to SODIS treatment for secondary effluents between 1 and 4 h, which was reduced by log 1.59 and 2.98, respectively, whereas FC were greatly reduced by log 2.40 and 3.49, respectively. In contrast FC were more resistant than Salmonella spp. for the lake water between 1 and 4 h SODIS treatment, where they were reduced by log 1.09 and 2.30, respectively, compared to log 1.43 and 2.43, respectively, for Salmonella spp. USEPA () demonstrated that the Salmonella spp. are bacteria of great concern as well as being good representatives of reduction of other bacterial pathogens because they are typically present in higher densities than other bacterial pathogens.
As in the results of Salmonella spp., the inactivation of S. aureus in the secondary effluents and lake water was significantly different. S. aureus was eliminated from lake water and secondary effluents after 7 and 8 h of SODIS, respectively (Figure 2 ). S. aureus was less resistant to UV disinfection of gray water effluents than FC (Gilboa & Friedler ) .
Survival of enteric indicators and pathogenic bacteria during the storage periods
The survival of fecal indicators and pathogenic bacteria in the treated secondary effluents stored for 2, 4, 8 and 16
days was tested. Storage of treated samples for 16 days significantly affected FC and E. faecalis. Both bacteria decreased to less than detection limits (1 CFU/100 mL) in samples treated for 4 h and stored for 16 days at room temperature ( Figure 3) .
In contrast, the storage period of samples treated by SODIS (4 h) did not significantly affect the inactivation of Salmonella spp. and S. aureus (Figure 3) , where numbers of both pathogenic bacteria were still around 1.5 log 10 CFU/100 mL until after storage of 16 days.
The storage of secondary effluents has become the option selected in many countries because of the advan- The decreases in the numbers of FC and E. faecalis during the storage period may be related to a decrease in pH values, which were recorded to be <pH 4 after 16 days of storage, while at the beginning of storage this was 6.8. The decreases in pH value may be due to anaerobic processes at the hydrolysis stage which leads to the production of acids, such as lactic acid, in anaerobic conditions.
In the preliminary study, the FC and E. faecalis density in the secondary effluents without SODIS dropped to below 2 log 10 CFU/100 mL after being stored for 4 weeks at room temperature. However, the concentration of Salmonella 
Regrowth of enteric bacteria and pathogens in treated secondary effluents
The numbers of pathogenic bacteria after SODIS for 4 h were high, so the samples were subjected to the storage periods to accomplish the reduction. However, after 5 h and more the concentration of pathogenic bacteria decreased significantly, so the samples were subjected to a regrowth study. In the treatment of wastewater the major problem is the occurrence of regrowth, because some bacteria enter the dormant state phase, which means these bacteria are viable but non-culturable at the unaffordable conditions, especially in the case of secondary effluents due to more organic materials being contained.
The occurrence of regrowth of fecal indicators and pathogenic bacteria has been reported by many authors.
The regrowth and repair potential of damage caused by The regrowth of Salmonella spp. in samples treated for periods of 5 and 6 h increased with an increase of incubation time at 37 W C. The maximum regrowth was 3.06 log 10 CFU/100 mL and was observed in samples treated for a period of 5 h and incubated for 96 h (Figure 4 ). 
CONCLUSIONS
It can be concluded that SODIS of secondary effluents and lake water for 8 h is efficient at eliminating pathogenic bacteria and reduces enteric indicators to less than detection limits (<1 CFU/100 mL).
